This paper describes a conceptual framework of a behavioral model, well able to predict the parking choice decision process of car drivers' while driving in a city center. The model assumes that parking choice decisions are mainly based on features associated to road conditions that a car driver faces while entering a street. A stated preference experiment was designed to collect respondents' preferences related to preferred parking facility. A set of hypothetical road conditions were presented in the form of choice tasks. The collected data is analyzed using mixed multinomial logit model. The results from the model estimation show that almost all the presented attributes such as parking costs, payment options, expected parking duration, speed limit, level of parking convenience, space availability and surrounding activities play a considerable role when determining car drivers' parking preferences. Moreover, the model highlights relatively important road related attributes which can induce search traffic. Therefore, cruising for parking can be reduced by avoiding certain road conditions, this information is valuable for the local authorities to design efficient parking policies.
Introduction
High concentration of activities in city centers increase parking demand. Parking conditions affect the attractiveness of a destination Hensher and King (2001) ; Litman (2010) . This indicates that parking plays an vital role in enhancing accessibility and live ability of urban areas. On-street parking is a major element of parking management Litman (2006) ; Marsden (2014) . It affects the traffic situation of a city directly. The impact of on-street parking cannot be overlooked. It impacts in several ways such as traffic accidents, congestion, increase in pollution or increase in travel time due to cruising for parking Vasconcelos and Farias (2017) . The traffic induced due to high level of cruising in urban areas is a critical issue for transport analysts and urban planners, as it impedes traffic movement along major routes Marshall (2014) ; van Ommeren (2012); Shoup (2006) . Parking policy is an appropriate strategy to reduce parking search and tackle congestion problems. An efficient design of such a strategy requires knowledge about drivers' needs and decisions Ibeas et al. (2014) . Therefore, it is necessary to investigate the underlying factors related to car drivers' on-street parking choices. This paper describes a conceptual framework proposed to forecast car drivers' on-street parking decisions considering road conditions of streets. This model is designed to evaluate parking decisions of car drivers' for short term trips to city center without explicitly considering any time pressure. In the past, parking choices of car drivers are studied considering a limited number of attributes, to reduce respondents biasness with respect to parking choices the approach of hierarchical information integration (HII) is employed. According to this approach, attributes of the choice alternatives are summarized into a high-order decision constructs. The respondents use the high order decision constructs to simplify the evaluation of multi-attribute alternatives Louviere (1984) ; Louviere, and Timmermans (1990) . The basic objective is to observe car drivers' responses to multi-attribute alternatives and identify their parking decisions with respect to road conditions. The model is able to acknowledge relevant road conditions that contribute to cruising for parking, this can help in identifying how cruising can be minimized. Several studies exist in the literature that investigated car drivers' parking choices. Studies that investigated off-street parking include Axhausen and Polak (1991); Miller (1993) ; Van der Waerden and Oppewal (1995) ; Golias et al. (2002) ; Hensher and King (2001) ; Bonsall and Palmer (2004) ; Hess and Polak (2004) . A study related to hierarchy of parking models was prepared by Young and Taylor (1991); Young (2008) . It included model categories based on their purpose of use such as parking design models, parking search models, parking choice models, parking allocation models and parking interaction models. Thompson and Richardson (1998) presented a model to represent the parking search behavior of motorists using behavioral modelling framework. Arnott and Rowse (1999) presented a model of parking congestion focusing on drivers' search for a vacant parking space. Existing literature focus on models explaining off-street and on-street parking choices of car drivers, but none of the studies aid in forecasting car drivers' parking decisions keeping in view the road conditions of streets which is highlighted in this paper. This paper is organized as follows. Section 2 discusses related work. Conceptual frameworks is provided in section 3. Section 4 presents the methodology for conducting the research. Analysis and interpretation of the model output is explained in detail in section 4. While conclusions are presented in section 5.
Related work
Parking has been investigated in the literature to assess the impact of parking policy, therefore the information about modelling the user's behaviour to park a car is limited Belloche (2015) . Several parking choice models have been developed in the past. Most of these models were related to off-street parking choice. Limited attention has been paid to car drivers' on-street parking choice behavior Khaliq et al. (2018) . Most of these studies indicate that 'walking time' and 'parking costs' are the main contributing factors of the cruising behaviour in the context of both on-street and off-street parking. Stated choice approach has been enormously used to determine parking choices. Some researchers employed other techniques to model parking choices such as possibility theory has been used to investigate car drivers' parking choice behaviour with respect to different parking policies Ottomanelli et al. (2011) . Similarly, Probit-User Equilibrium type traffic assignment model has been used to study congested road network and parking supply Bifulco (1993) . Traffic assignment or network based simulation models, agent-based parking simulation model include Arnott and Rowse (1999) Guo et al. (2013) . Existing parking literature indicates that the use of stated choice approach to study car drivers' on-street parking choice decisions is limited. Various time related, price related and socio-demographic factors that influence car drivers' onstreet parking search such as walking distance between parking and home, parking type, travel time, parking fee visibility of the car, motorized traffic in residential street, vehicle age, and security have been investigated using stated choice approach Brooke et al. (2014) ; Ibeas et al. (2014); Chaniotakis and Pel (2015) ; Pel and Chaniotakis (2017) . Findings of all these studies show that major factors affecting choice of a parking space are parking cost and walking distance to destination, but all of these studies focused to investigate parking choices with respect to time (e.g. access time, search time, egress time, hours of operation, duration of parking, car availability), trip (e.g. parking duration, travel duration, parking time restriction), personal (e.g. income, gender) and parking related (e.g. expected illegal parking fine, occupancy rate, type of parking, willingness to pay for parking) characteristics. Discrete choice models have been traditionally used to describe an individual's choice of one option from a finite set of options Ortúzar and Willumsen (2001) . These models assume that the decision makers try to maximize their utility (gain or profit) from the several alternatives offered Train (2003) . The major advantage of using discrete choice models is that it measures preferences along with choices however, the percentage/ranking/order of the choice cannot be obtainedThis study investigates the effect of road conditions such as surrounding activities, speed limit and average number of parking spaces per 100m on car driver's parking decisions.
Conceptual background
In order to understand parking choices comprehensively, it is essential to have more insight into the reactions of car drivers who are facing certain road conditions in a street. In particular, we are interested in identifying the road conditions that people prefer when driving around looking for suitable parking place. In this research, we consider road attributes such as speed limit and surrounding activities as factors influencing parking decisions. This approach clarifies which conditions induce search traffic. The aim is to provide a strong and empirical evidence regarding car drivers' on-street parking decisions so that parking policies can be framed in accordance with car drivers' behavior, which can reduce number of cars cruising for parking. In the present study, we try to conceptualize when car drivers are driving towards their destination they continuously enter streets and in each street they look for parking opportunities, keeping in view the existing road conditions. It is assumed that all car drivers have three parking options available; either they will park on-street, park in a (off-street) garage, or continue to search for another parking alternative. Based on these assumptions prediction of car drivers' on-street parking choices can be conceptualized using the following framework (Fig.1.) . This framework is more detailed in the section of research design.
Methodology
A stated choice experiment using basic principles of hierarchical information integration (HII) is designed to investigate car drivers' on-street parking decisions. The major focus of the above mentioned studies was to investigate a limited set of factors related to the parking context as the traditional stated choice experiments can handle only a limited number of attributes. Therefore, the integrated hierarchical information integration (HII) approach has been employed to investigate the effect of a larger set of parking and street related attributes on parking decisions. This large set of parking related attributes enhance the possibilities for the local authorities to design parking policies efficient enough to cater the problems related to on-street parking such as illegal parking and double parking Arnott (2006) . Hypothetical street situations are presented (as choice tasks) and for each situation the respondents are asked to indicate their choice (park on-street, park in a parking garage, continue search) (shown in Fig.2.) . The designed choice tasks were presented in an online questionnaire. The respondents were asked to assume that he/she is driving from his/her home to a destination (generic) located in the inner city. While driving he/she enters a certain street segment to search for a suitable parking space (see Fig.2.) . The choice tasks were designed using a 3 11 fractional factorial design. Road conditions are considered on 27 possibilities for 3 attributes the result indicate that these attributes do have an impact on parking choice. The adopted design consisted of 27 profiles assuming that only main effects are considered in this experiment. The attribute levels were defined keeping in view the literature and common practice in Belgium. The first five attributes are related to on-street parking in general, and include on-street parking costs, walking distance between parking location and final destination, expected parking duration (the length of time expected by the driver to park the car), modes of payment available for paying on-street parking costs, and the number of streets visited by the driver before entering the street segment. The other two attributes are related to the closest off-street parking facility: off-street parking tariffs and walking distance between off-street parking facility and final destination. The attributes 'Level of parking convenience' depict an overall level of convenience provided by street segment. Time of day is not included in the task. In addition, parking duration is also included as a replacement for time limit in the task. In this approach, attribute number of parking spaces per 100 meter represent supply. The data was collected using PanelClix (www.panelclix.be) to get the desired sample size characteristics. A well balanced sample (containing respondents from all categories of age, income, gender and education) was obtained by inviting Belgian members of the panel to fill in the questionnaire. In total, 548 responses were collected. The collected data is analyzed using Multinomial Logit Model, which is detailed in the next section.
Analysis & Interpretation
The car drivers' choices are analyzed using the Mixed Multinomial Logit (MMNL) model. In contrast to standard Multinomial Logit (MNL) models, MMNL models allow for random taste variation in the population of decision makers and can derive probabilities from utility maximization Hess and Polak (2009) . NLOGIT version 5 is used to estimate the model. The choices of car drivers' (park on-street, park off-street, and continue searching ) are used as dependent attribute. The alternative 'Continue searching' was used as base alternative. In this study, effect coding is used to represent all effects of the attribute levels. The coding scheme used in the model estimation is presented in Table 1 . The results of model estimation process are presented in Table 2 . The model has a McFadden's Rho-square value of 0.2879 which indicates that the estimated model is well able to predict the observed choices Hensher et al. (2005) . In addition, it appears that the assumption of heterogeneity is supported by a significant standard deviation for a number of attribute levels. It can be noticed that the means and standard deviations of attributes such as 'off-street parking tariff', 'on-street parking cost', 'level of parking convenience', 'surrounding activities', 'speed limit', 'number of streets already visited', 'average space available', 'payment options' and 'expected parking duration' are significant. According to the parameter estimates, if speed limit is 40km/h, the expected parking duration is more than 120 minutes, and the off-street parking tariff is low (0.50 euro/hour) then the probability that a car driver parks the car in an off-street parking increases. Moreover, free parking, providing parking closer to destination and roads with reduced speed limits (preferable residential areas) are the major conditions that induce parking search. Similarly, conditions that induce search traffic can be identified using the model results.
Conclusions
Nowadays, roads are crowded with search traffic, car drivers' parking choice decisions need to be reduced. For this a thorough investigation related to car drivers' parking choice decisions is required. In the current study, researchers try to inquire respondents regarding their on-street parking preferences using a stated preference approach including the integrated hierarchical information integration technique. In the current research, it is assumed that car drivers make parking choices based on the prevailing road conditions in the street such as speed limit, surrounding activities and parking space availability. The data collected has been investigated using Mixed Multinomial Logit Model. The results of the model estimation show that besides parking costs, expected parking duration, speed limit, space availability, number of streets already visited and surrounding activities play a considerable role when determining car drivers' parking preferences. The model also shows that car drivers' prefer to park off-street if surrounding activities in the street include shops. One of the goals of the adopted approach is to look first if street conditions have influence (limited investigated in the past). If the estimates of MNL-model are observed surrounding activities is significant which indicates that the road conditions do have an influence of car drivers' parking choice decisions.
